With the integration of copper as interconnect and low k materials as dielectric, the CMP community is facing an ever increasing demand on reducing defectivity without scarifying production throughput. One such strategy is to significantly lower the polishing pressure to below 1 psi. Such a move has placed tremendous challenges to the tool manufactures, consumable suppliers (especially the slurry vendors), and endusers. It is a challenge to remain the high throughput (MRR and selectivity) at low down force without using harsh abrasives. For the first time, we recently report the use of novel hydrophilic organic particles for metal CMP. Unlike conventional abrasive particles such silica or alumina, these unique particles are designed to specifically interact with the metal surface to be polished and significantly modify the rheological behavior of the slurry. The obvious advantage of using such particles is the reduction of defects during CMP. The consequence of using such particles is also its ability to provide unsurpassed high selectivity in removal rate for copper over barrier and dielectric materials due to their weak interaction with these particles. The added benefit for slurry that uses such particles is to allow CMP process conducted at a lower down force without compromising the throughput. In this talk, some basic physical and chemical characteristics of the particles and slurry will be first presented. The friction beavior of these new slurries in relation to conventional slurries on blanket wafers will be discussed. The impact of particle hydrophobicity on the friction behviors of the slurries will be explored.
INTRODUCTION
The particles in a CMP slurry have at least three functions, serving as abrasive to cut through surface to-be-polished, as carrier to deliver needed ingredient and/or take away abraded materials from the surface that is being polished, and an agent that modifies the rheological behavior of the slurry. 1 It is commonly accepted that a minimum hardness is required for the abrasive particles in order to achieve the desirable performance in removal rate. 2 In addition, the colloidal stability of the particles are also very important in reducing surface defects. 3 For these and other reasons, the commonly used abrasive particles are those hydrophilic abrasive particles including silica, alumina, ceria, etc. Soft hydrophobic organic particles have not been considered as a potential key component in slurry formulation except our previous work on the use of diamond particles which are hard and hydrophobic. 4 In this study, soft lubricate organic particles are employed in a copper CMP slurry development.
The obvious potential advantage of using soft lubricate particles is the reduction of defects during CMP. This is particularly valuable as today's CMP community faces tough challenges in reducing down force without sacrificing removal rate. This paper will evaluate the feasibility of using hydrophobic particle as to serve a dual purpose such as lubrication and abrasion. Data will be presented to validate the formulation as well provide evidence of the particles bifunctionality via blanket and pattern wafer studies as well as friction force measurements.
Experimental

Slurry Preparation
The desired amount of water is placed in a Nalgene® beaker and place on a stir plate to create enough shear to mix the slurry chemicals as well as the aid in the suspension of the particles. To the DI water the desired amount (0.1 to 10 mM) of passivating agent, such as Benzotriazole (BTA), is added and allowed to completely dissolve. To the resultant mixture the desired amount (1 -10 wt%) of complexing agent, such as glycine, is added and allowed to dissolve. At this point the hydrophobic particles, such as Teflon, are added in the desired amount (.1 -10 wt %). Once the particles are added they are allowed to stir to aid in the suspension and reduce particle aggregation or settling. Once the particles are dispersed the oxidizing agent, hydrogen peroxide , is added to the system in the desired concentration (.1 -7 wt%). The solution is stirred for 5 minutes to aid in the dispersion of all components and the pH is adjusted to the desired value using 37% HCl or 10 % Sodium hydroxide. When performing the CMP experiments the solution must be stirred at all time to ensure that there is no settling or aggregation of the particles.
Copper Disk Polishing A copper disk with 1" diameter was attached to a stainlesssteel carrier and then mounted on a single side polishing machine (Struers Labopol-5 Grinding Table and Struers LaboForce Arm, Westlake, Ohio). A polyurethane IC1400 polishing pad was used for the study. A typical polishing lasts 2 minutes under a pressure of 6 psi by supplying the slurry at 120 mL/minute between the Cu disk and the pad. The Cu disk and the pad have a relative rotating speed of 150 rpm. After polishing the disk is cleaned with a DI water rinse followed by an isopropyl alcohol rinse. This disk is dried with a steady stream of house air and the material removal rate was calculated based on net weight loss and polished surface area.
Static Etch Measurements
When the solution is prepared based on the method described above approximately 120ml is place in a 150 ml vessel, generally a Pyrex beaker. The pre-weighed copper disk C) . After etching the disk is cleaned with DI water followed by an isopropyl alcohol rinse. This disk is dried with a steady stream of house air and the static etch rate was calculated based on net weight loss and the surface area of the disk.
Polishing Blanket and Patterned Wafers
Blanket copper, Ta and oxide wafers obtained from International SeMaTech (Austin, TX) were polished using a IPEC Westech 372M polisher. A design of experiment (DOE) was performed to determine a set of optimum polishing conditions such as down force (3-6 Psi), back pressure (0-2.5 psi), slurry flow rate (100-200 ml/min), platen and carrier speeds (40-90 rpm). After polishing, the removal rate profile was determined using a sheet resistant four-point probe. For patterned wafer evaluation, SeMaTech 854 patterned wafers based an MIT testing mask were used. The step-height reduction, dishing, and erosion results were obtained using an Ambios XP2 profilometer.
A SeMaTech protocol was followed for the determination of planarity distance and efficiency.
Results and Discussion
One of the best examples of lubricate organic particles is TEFLON. The aqueous colloidal dispersion used in this study is relatively stable with and without the presence of other chemical additives such as hydrogen peroxide, complexing agent, and passivating agent. For this study, the primary particle size is about 50 nm (not shown). An adequate material removal rate was obtained using hydrogen peroxide as an oxidizer in combination with other commonly used additives such as glycine as complexing agent and BTA passivating agent.
Using the optimized slurry formulation described above a blanket wafer evaluation was conducted to determine the blanket film removal, % NU, surface quality, and selectivity. In addition to the high selectivity, it is found that the SER for copper is less temperature sensitive comparing to other conventional abrasive particles such as silica when a similar chemistry was used in the slurry.
On one most critical evaluation of a potential copper CMP slurry is its ability to achieve high step height reduction efficiency with low coefficient of friction (COF). Results show a set of comparison among various slurries and their performance in terms of planarization efficiency and COF. It is important to point out that all slurries were formulated using similar chemistry (oxidizer, complexing agent, passivating agent, and surfactant). The COF differences are mainly caused by the addition of abrasive particles and/or the ability of these added particles to handle the frictions generated during CMP. It is clear that the addition of fine particles of any kind reduces the COF due to the solid particle lubrication effect. It is more interesting that the effect of COF reduction is more pronounced in case of organic particles than their corresponding silica counterpart. It is equally interesting that the addition of hydrophilic organic particles did not reduce the COF as much as their hydrophobic counterpart, although both particles are very soft. This is, according to our hypothesis, mainly the result of difference in particle surface energy and particlecopper surface interactions. For hydrophobic particles, the interaction between the particles and the copper film is much weaker.
Conclusions
Preliminary results show that the use of a hydrophobic particle can provide adequate MRR for copper surface and excellent copper to barrier/ILD selectivity with low COF. By optimizing the use of complexing and passivating agents, a viable 1 st step copper CMP slurry may be obtained. In addition, the lubricate nature of some particles may be used to modify the rehological property of a slurry which may allow copper CMP to be conducted at normal down force without the introduction extra defects to low k/Cu wafers. This may extend the lifetime of existing CMP tools that is not designed to polish at ultra low down force.
